known about the molecular mechanism by which vitamin E enhances T cell numbers.
Vitamin E (α-tocopherol), a naturally occurring effective lipid-soluble antioxidant, can prevent toxicant-and carcinogen-induced oxidative damage by trapping reactive oxyradicals (16) . It is a constituent of all cellular membranes and is found in high concentrations in the membranes of immune cells. Vitamin E is essential for normal immune function. Deficiency in vitamin E has been shown to be associated with increased rates of infection and incidence of tumors (17, 18) . Vitamin E supplementation has been reported to improve the decreased cellular immune function that occurs during aging and in HIV infection (18, 19) . Both studies in a mouse AIDS model and epidemiological statistics support the beneficial effects of vitamin E on preventing infection and decreasing the risk of progression to AIDS (19) (20) (21) (22) .
Since AICD is a major cause of T cell depletion in AIDS (8-10), we asked whether vitamin E could protect from T cell depletion by AICD. We show here that vitamin E prevents AICD of preactivated normal peripheral blood T cells. CD95 (APO-1/Fas) and its ligand (CD95L) are known to play a major role in AICD of T cells (23) . We show that vitamin E suppresses CD95L expression and attenuates AICD by reducing activities of the transcription factors NF-κB and AP-1 involved in transcriptional regulation of the CD95L gene. Analysis of the influence of vitamin E on apoptosis of peripheral T cells from HIV-positive individuals showed a potent effect of vitamin E on protection of T cells from AICD.
adherence to plastic culture vessels for 1 hour. T cells were isolated from the peripheral blood mononuclear cells by resetting with 2-amino-ethylisothyo-uronium-bromide treated sheep red blood cells as described (24) .
Cell cultures. Primary human T cells and Jurkat T cells were cultured in RPMI supplemented with 10% heatinactivated FCS (GIBCO BRL, Invitrogen Life Technologies, Karlsruhe, Germany), 10 mM HEPES (GIBCO BRL), and 100 µg gentamycin/ml.
AICD. Freshly isolated blood T cells were stimulated by phytohemagglutinin and cultured in the presence of IL-2 for 6 days as described (24) . The T cells were then treated without or with 25 µM vitamin E (SigmaAldrich, St. Louis, Missouri, USA) for 1 hour and subsequently cultured in 96-well flat-bottomed plates coated with α-CD3 (OKT3, 50 µg/ml) in the absence or presence of CD95Fc (6) (50 µg/ml) or control human (50 µg/ml) IgG1 (Sigma-Aldrich). Cell death was assessed after a further 48 hours by propidium iodide uptake (24) . To determine apoptosis in CD4-and CD8-positive T cells, cells were stained with α-CD4-FITC and α-CD8-PercP mAb (BD Pharmingen, Heidelberg, Germany). Apoptosis was determined by a drop in the forward-to-side-scatter (FSC/SSC) profile of apoptotic in comparison to living cells as described (25) .
J-27, a subclone of Jurkat T cells, T cells were induced either with PMA (10 ng/ml; Sigma-Aldrich) and ionomycin (0.5 µM; Calbiochem-Novabiochem GmbH, Schwalbach, Germany) or with plate-bound α-CD3 (OKT3, 50 µg/ml) for 24 hours in the presence of vitamin E or equal amounts of the vitamin E solvent ethanol. For controls, J-27 cells were stimulated in the absence or presence of CD95Fc (50 µg/ml) or NOK1 (50 µg/ml) (BD Pharmingen) for 24 hours. Apoptotic nuclei were measured by determination of DNA fragmentation (6) .
α-APO-1-induced apoptosis was carried out by culturing J-27 cells in the absence or presence of 50 µM vitamin E for 1 hour and then treating them with α-APO-1 antibody (6) (10 ng/ml) in the presence of 10 ng/ml protein A for the indicated times.
For CD95L analysis, day 6 T cells were activated by plate-coated α-CD3 (OKT3, 40 µg/ml) in the presence of matrix metalloproteinase (MMP) inhibitors specific for CD95L (MMP inhibitor II, 4 µg/ml; CalbiochemNovabiochem GmbH). At the indicated time points, cells were collected by centrifugation and washed once with PBS. Cells (5 × 10 5 ) were resuspended in 100 µl PBS containing 5% FCS. The cells were incubated with biotin-labeled α-CD95L antibody (NOK1, 0.05 µg/ml) at 4°C for 15 minutes. We detected bound antibodies by adding 100 µl PBS containing 0.025 µg/ml Streptavidin-phycoerythrin and incubated them at 4°C for a further 15 minutes. Cells were washed once with PBS and resuspended in 200 µl PBS and subjected to FACS (FL2 histogram) analysis.
RNA preparation. The day 6 T cells and freshly isolated peripheral blood T cells from HIV-positive individuals were precultured with 25 µM vitamin E or equal amounts of vitamin E solvent ethanol for 1 hour and then stimulated for 12 hours with plate-bound α-CD3 antibodies. For Jurkat cells, 50 µM vitamin E was administered. RNA was isolated using the RNeasy kit (QIAGEN GmbH, Hilden, Germany) according to the manufacturer's instructions.
Normal RT-PCR. One microgram of total RNA was reverse-transcribed using the RT-PCR kit (Perkin-Elmer Applied Biosystems, Foster City, California, USA). Aliquots were amplified in a DNA thermocycler (Stratagene, Heidelberg, Germany) with 2.5 U recombinant Taq polymerase (Sigma-Aldrich) as described previously (26) . Amplification products were separated by electrophoresis on 1.2% agarose gels. Primers used for detecting CD95L, IFN-γ, and β-actin are: for CD95L, sense 5′(386)- and antisense 5′(843)-ATAGAATTCTGACCAAGAGAG-GCTCAGATACGTTGAC-3′; for IFN-γ, sense 5′(487)-AGT-TATATCTTGGCTTTTCA-3′ and antisense 5′(882)-ACC-GAATAATTAGTCAGCTT-3′; and for β-actin, sense 5′-TGACGGGGTCACCCACACTGTGCCCATCTA-3′ and antisense 5′-CTAGAATTTGCGGTGGACGATGGAGGG-3′.
Real-time quantitative PCR. The principle of real-time quantitative PCR has been previously described in detail (27) . The primers and fluorescently labeled probes used in these studies are CD95L forward primer 5′(508)-AAAGTGGCCCATTTAACAGGC-3′, reverse primer 5′(599)-AAAGCAGGACAATTCCATAGGTG-3′, and probe 5′(542)-TCCAACTCAAGGTCCATGCCTCTGG-3′; and β-actin (used as an internal standard) forward primer 5′(2141)-ACC-CACACTGTGCCCATCTACGA-3′, reverse primer 5′(2435)-CAGCGGAACCGCTCATTGCCAATGG-3′, and probe 5′(2217)-ATGCCCTCCCCCATGCCATCCTGCGT-3′. PCR was performed in a 12.5-µl reaction mixture (PCR kit from Eurogentec, Ivoz-Ramet, Belgium) that contained 0.08 µg of reverse-transcribed cDNA, 1.25-7.5 pM forward primers, 22.5 pM reverse primers, and 5 pM probe. For each sample, three PCRs were performed. The resulting relative increase in reporter fluorescent dye emission was monitored by TaqMan system (GeneAmp 5700 sequence detection system and software; Perkin-Elmer Applied Biosystems). The level of the CD95L mRNA, relative to β-actin, was calculated using the following formula: relative mRNA expression = 2 -(Ct of CD95L -Ct of β-actin) , where Ct is the threshold cycle value.
Preparation of nuclear extracts and electrophoretic mobility shift assay. Jurkat T cells were preincubated with 50 µM vitamin E or equal amounts of the vitamin E solvent ethanol for 1 h and then stimulated by PMA (10 ng/ml) and ionomycin (0.5 µM) for 2 h. Nuclear proteins were isolated as described previously (28) . 32 P-labeled oligonucleotides containing the CD95L NF-κB sites at the promoter -530 and -50 region (28) and AP-1 site at the promoter +90 region (26) were analyzed by electrophoretic mobility shift assay (EMSA) as described (28) .
Plasmid constructs and transient transfections. Luciferase reporter constructs containing the 0.86-kb CD95L promoter or multimers of the CD95L NF-κB binding sites at the -530 and -50 regions were used as described previously (20) . Three copies of the CD95L AP-1 (5′-GGGCTGGCCTGACTCACCAGCTGC-3′ at the +90 region) (26) or the Egr consensus (5′-CCCGGCG-CGGGGGCGATTTCGAGTCA -3′) binding sequence were generated by ligation of each DNA sequence into the multicloning site of the pATAT-Luc vector (20) . Jurkat T cells were transfected by electroporation as previously described (28) . After overnight recovering, the cells were divided and treated with vitamin E (50 µM) or the vitamin E solvent ethanol for 1 hour and then further cultured in the absence or presence of PMA (10 ng/ml) and ionomycin (0.5 µM) for 8 hours. Luciferase activity was determined as previously described (28) .
Antibodies. The α-p50, α-JunB, and α-JunD antibodies were purchased from Santa Cruz Biotechnology Inc. (Santa Cruz, California, USA). The α-NF-κB/p65 was purchased from Biomol Research Laboratories Inc. (Butler Pike, Pennsylvania, USA). The α-Jun/Fos and α-JunB antibodies were kindly provided by P. Angel (German Cancer Research Center, Heidelberg, Germany).
Results

Vitamin E protects restimulated peripheral blood T cells from apoptosis.
To analyze the effect of vitamin E on T cell death, freshly isolated peripheral blood T cells were prestimulated for 6 days (then referred to as day 6 cells) (24) and subsequently restimulated via the T cell receptor (TCR) by plate-bound α-CD3 antibodies. Restimulation of the day 6 T cells resulted in AICD (Figure 1a ). CD95 and CD95L play an important role in AICD of T cells. In the presence of the CD95 blocker CD95Fc, AICD was largely inhibited (Figure 1a) . A similar inhibition of AICD was obtained in the presence of 25 µM vitamin E in the culture medium ( Figure 1a ). The concentration of vitamin E in plasma from healthy individuals normally ranges from 12 to 35 µM (29). Administration of different amounts of vitamin E showed that vitamin E at physiological concentrations may attenuate AICD in T cells (Figure 1b) . Depending on the blood donor, vitamin E reduced AICD by 25-65% (Figure 1b) . Correspondingly, CD95L expression levels were substantially reduced in T cells treated with vitamin E (Figure 1c ). Kinetic analysis showed that, in the presence of vitamin E, significant reduction of CD95L expression in T cells could be observed after 12 hours of activation ( Figure 1d ).
Thus, vitamin E at physiological concentrations may attenuate AICD. Indeed, depending on the blood donors, vitamin E reduced AICD by 20-50% (data not shown). Since CD95-mediated AICD is regulated by CD95L expression (4-7), we examined CD95L mRNA expression levels in activated T cells in the presence or the absence of vitamin E. Restimulation of day 6 T cells led to enhanced expression of CD95L mRNA. This increase was blocked in the presence of vitamin E (Figure 2a ). To evaluate CD95L mRNA expression levels in the presence of vitamin E, the RNA was analyzed by real-time PCR. Approximately 50% reduction of CD95L mRNA expression was seen (Figure 2b ). In contrast, vitamin E did not significantly influence the levels of IFN-γ mRNA (Figure 2a) . Thus, downregulation of CD95L expression may account for the reduction of AICD by vitamin E.
Vitamin E protects apoptosis in activated Jurkat T cells. Jurkat T cells express both CD95 and CD95L and have been used as a model system for apoptosis studies (6) . To further investigate the molecular mechanism by which vitamin E attenuates AICD, we selected several Jurkat T cell subclones susceptible to TCR-mediated activation-induced apoptosis. Data from one of the representative clones, clone 27 (J-27), are presented here. Activation of T cells through the TCR can be mimicked by stimulation with phorbol ester (PMA) and calcium ionophores (ionomycin). Both α-CD3-induced cell death and PMA/ionomycin-induced cell death in J-27 cells were significantly reduced by vitamin E (Figure 3, a and b) . As controls, the CD95 blocker CD95Fc or the CD95L blocking antibody NOK1 greatly inhibited AICD (Figure 3c ). However, vitamin E did not prevent mAb α-APO-1-induced CD95-triggered apoptosis (Figure 3d ). Therefore, it is unlikely that vitamin E directly interferes with signals downstream of the CD95 receptor. Analysis of CD95L mRNA expression showed that, upon TCR activation, CD95L mRNA in J-27 cells was rapidly induced and its expression increased for up to 12 hours. In the presence of vitamin E, however, CD95L mRNA expression was substantially reduced (Figure 3e) . Quantification of the CD95L mRNA levels by real-time PCR showed that reduction was readily seen at 3 hours of induction and was nearly completely blocked by vitamin E 6 hours after stimulation (Figure 3f) . In contrast, the levels of IFN-γ mRNA were not significantly changed (Figure 3e) . Thus, vitamin E may reduce CD95L expression at the transcriptional level and, therefore, attenuate AICD in J-27 cells.
Vitamin E blocks NF-κB and AP-1 binding to the CD95L promoter. Previously, we and others have demonstrated that the human CD95L promoter is regulated by several transcription factors, including AP-1 (26) and NF-κB (28) . In addition, TCR-mediated activationinduced and HIV Tat-enhanced CD95L expression involves NF-κB activity (28) . AP-1 was shown to be involved in anticancer drug-induced CD95L expression (26) . Recently, AP-1 was also found to upregulate CD95L expression in T cells (our unpublished data). NF-κB and AP-1 activities can be induced through TCR stimulation. In addition, a vast array of stimuli including certain environmental stressors, such as phorbol esters (e.g., PMA), chemicals, ionizing and ultraviolet irradiation, chemotherapeutic agents, proto-oncogenes, and oxidative stress activate NF-κB and AP-1 (30, 31) . Vitamin E has been implicated in influencing DNA binding and function of NF-κB and AP-1 (32, 33) . Therefore, we investigated whether vitamin E affects NF-κB and AP-1 binding to the CD95L promoter target sites. Nuclear extracts were prepared from J-27 T cells stimulated in the presence or absence of vitamin E. The NF-κB and AP-1 binding sites contained in the CD95L promoter were used as probes in an EMSA. As has already been shown to occur, stimulation of T cells with PMA and ionomycin induced binding of nuclear factors to the NF-κB and AP-1 sites of the CD95L promoter (Figure 4a) . Characterization of the inducible complexes formed on the CD95L probes by addition of antibodies against the p50 and p65 subunits of NF-κB, or the AP-1 family members Jun and Fos, in EMSA, showed that these inducible binding complexes were either reduced or supershifted (Figure 4b) . Thus, NF-κB and AP-1 family proteins were involved in formation of these inducible complexes. Addition of vitamin E prevented binding of NF-κB and AP-1 to their binding sites (Figure 4a) . As a control, the constitutive transcription factor NF-Y was not affected by vitamin E (Figure 4a) .
Vitamin E suppresses CD95L promoter activity. To further investigate the effect of vitamin E on CD95L expression, the CD95L promoter (-860 to +100) or a minimal TATA promoter containing three copies of either the NF-κB or the AP-1 site of the CD95L promoter was linked to the luciferase reporter gene, and these constructs were transiently transfected into J-27 T cells. After transfection, the cells were stimulated in the absence or presence of vitamin E. In accordance with the above data, vitamin E greatly reduced luciferase expression driven by the CD95L promoter or by the NF-κB and the AP-1 site of the CD95L promoter (Figure 5 ). In controls, vitamin E did not affect luciferase expression driven by the Egr binding site ( Figure 5) . (34, 35) . T cells from HIV-infected patients exhibit both increased CD95 and CD95L expression and enhanced susceptibility to CD95-mediated apoptosis (34) (35) (36) (37) (38) . Therefore, we investigated whether vitamin E could block CD95L expression in the peripheral blood lymphocytes of HIV-positive individuals. Peripheral blood lymphocytes from such individuals were subjected to analysis of CD95L mRNA expression levels in the absence or the presence of vitamin E. Different levels of CD95L mRNA expression were found in lymphocytes from different HIV-positive individuals examined. Data from five representative HIV-positive individuals are presented in Figure 6a . In some HIV-positive individuals, e.g., donors 1 and 2, like in uninfected individuals, no or very little CD95L mRNA was expressed in unstimulated cells and CD95L transcripts were significantly upregulated upon α-CD3 stimulation. In other HIV-positive individuals, e.g., donors 3, 4, and 5, however, CD95L mRNA expression was readily detectable in unstimulated cells and was further increased upon TCR engagement. Nevertheless, in the presence of 25 µM vitamin E, expression of CD95L mRNA was completely blocked in most cases (Figure 6a ). T cells from donors 1-4 were further subjected to analysis of the correlation between CD95L transcription levels and sensitivity to AICD. No significant apoptosis induction was seen in T cells from donors 1 and 2 upon α-CD3 stimulation (data not shown; see Discussion). T cells from donors 3 and 4 were susceptible to AICD ( Figure  6b ). AICD of these cells was partially blocked by CD95Fc. Vitamin E was shown to suppress apoptotic death of T cells from donor 3 to an extent similar to that brought about by CD95Fc. Complete inhibition of α-CD3-induced AICD by vitamin E was seen in T
Vitamin E reduces CD95L mRNA levels in peripheral blood T cells of HIV-positive individuals. Recent studies have demonstrated that CD95/CD95L interactions are involved in AICD of T cells in HIV-positive individuals
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Figure 5
Vitamin E downregulates the CD95L promoter and CD95L NF-κB-or CD95L AP-1-mediated transcriptional activity. J-27 T cells were transiently transfected with the luciferase reporter constructs containing the 0.86-kb CD95L promoter, or three copies of the NF-κB binding sites at the -530 or -50 region or of the AP-1 motif at the +90 region of the CD95L promoter. A luciferase reporter construct containing three copies of the Egr consensus binding site was used as a control. After overnight culture, the cells were divided and treated with vitamin E or the vitamin E solvent ethanol for 1 hour and then further cultured in the absence (white bars) or presence (black bars) of PMA and ionomycin. Luciferase activity was determined after 8 hours of stimulation. Results represent the average of three to five independent transfection experiments. cells from donor 4 (Figure 6b) . Thus, inhibition of CD95L mRNA expression may partially account for suppression of AICD by vitamin E.
Vitamin E inhibits apoptosis of peripheral blood T cells of HIVpositive individuals.
To determine whether vitamin E could reduce depletion of T cells from HIV-positive individuals, we next analyzed the effect of vitamin E on AICD in peripheral blood lymphocytes of such individuals. Table  1 shows the medical history and the mean values of total lymphocytes and CD8 + and CD4 + T cells in these cases. As opposed to lymphocytes from uninfected donors, lymphocytes isolated from HIV-infected individuals were more susceptible to apoptosis (Figure 7a) . Apoptosis of T cells from HIV-positive individuals could partially be blocked by CD95Fc, demonstrating that a fraction of T cells underwent CD95/CD95L-mediated apoptosis. Different levels of inhibition of AICD by CD95Fc were seen in 19 of 31 HIV-positive patients tested. Among these 19 patients, 41-85% inhibition of AICD by CD95Fc was seen in five and 21-40% inhibition in six patients ( Figure 7, b and d) . Inhibition of AICD by vitamin E was also observed in 55% of HIV-positive donors. Vitamin E led to a slightly greater inhibition of AICD than did CD95Fc in four patients and a significantly greater inhibition than did CD95Fc in nine patients ( Figure 7, c and d) . Statistical analysis showed that the vitamin E effect was not dependent on age, sex, viral load, stage of disease, or therapy.
Discussion
In this study, we show that vitamin E suppresses CD95L promoter activity by downregulation of transcriptional activity of NF-κB and AP-1 and, consequently, downregulates CD95L mRNA expression and CD95-mediated AICD. Vitamin E is a principal chainbreaking antioxidant in biological membranes (16) . Activities of NF-κB and AP-1 are largely affected by the cellular oxidation/reduction (redox) status (30, 31) . Therefore, vitamin E may block the early signal for activation of NF-κB and AP-1. Vitamin E was also shown to inhibit translocation of protein kinase C (PKC), a crucial enzyme involved in cellular signal transduction, to the membrane of cells stimulated by phorbol esters and also to inhibit its phosphorylation activity (39) . Since PKC is essential for NF-κB and AP-1 activation (40-42), inhibition of PKC function by vitamin E may be one of the mechanisms by which vitamin E interferes with activation of NF-κB and AP-1.
We observed that vitamin E had little inhibitory effect on CD95L transcription at the early activation time points (1-3 hours) but a strong effect at later time points. However, suppression of NF-κB and AP-1 DNA binding activity by vitamin E could be detected at the early activation stages. This discrepancy may be due to the fact that the CD95L promoter activity is regulated by multiple transcription factors (43) . It has been shown that transcription factors such as NF-AT and Egr-2,3 also play an important role in T cell activationinduced CD95L expression. Targeting NF-AT activity using the immunosuppressive drug Cyclosporin A can block CD95L mRNA expression and consequently block AICD in T cells (6, 43) . Thus, at the early activation time point, NF-AT and Egr transcription factors might play a dominant role in CD95L transcription and mask the effect of vitamin E on NF-κB and AP-1. Alternatively, the decreased CD95L mRNA expression observed in the later activation time points might be partially due to a vitamin E-mediated posttranscriptional regulation of the CD95L mRNA stability.
NF-κB transcription factors are key regulators of immune, inflammatory, and acute phase responses and are also implicated in the control of cell proliferation and apoptotic signaling. NF-κB activities can be induced by a vast array of stimuli, including TCR stimulation, certain environmental stressors, chemicals, ionizing and ultraviolet irradiation, chemotherapeutic agents, proto-oncogenes, and oxidative stress (30, 31) . However, the role of NF-κB in apoptosis remains controversial: it may accelerate apoptosis or, as is perhaps more commonly believed, it may protect cells from programmed cell death (for review see ref. 44 ). Whether NF-κB promotes or inhibits apoptosis appears to depend on the specific cell type and the type of inducer. Our study provides clear evidence showing the proapoptotic role of NF-κB in AICD in T cells.
Freshly isolated T cells from healthy donors are resistant to AICD, but they become susceptible to AICD after stimulation (24) . To study AICD in normal T cells, we therefore used preactivated day 6 T cells. In contrast, freshly isolated T cells from HIV-infected individuals were more susceptible to apoptosis ( Figure  7a ). Most probably, T cells from HIV-positive individuals are preactivated. Analysis of CD95L mRNA expression in HIV-infected individuals revealed that, in many cases, CD95L mRNA expression was readily detectable in unstimulated cells and was further increased upon TCR engagement. T cells from these individuals were susceptible to AICD. In some HIVpositive individuals, like in uninfected individuals, no or very little CD95L mRNA was expressed in unstimulated cells, and CD95L transcripts were upregulated upon α-CD3 stimulation. Analysis of susceptibility of these T cells (from two donors) to apoptosis showed no AICD upon α-CD3 stimulation. We speculate that these T cells might be at an activation stage similar to that of normal resting T cells. These observations, however, should be extended to a larger number of HIV-positive individuals in order to explore the possible correlation between levels of apoptosis and levels of CD95L transcription.
T cell depletion plays a central role in the pathogenesis of AIDS. It has been observed that important links exist between vitamin E deficiency, HIV infection, and risk of progression to AIDS (19) (20) (21) (22) . Furthermore, supplementation of vitamin E in the diet was shown to increase CD4 + T cell counts (13) (14) (15) . Thus, vitamin E has been advocated by some investigators to support AIDS therapy (21, 45) . Although a decrease of apoptosis in HIV-infected cells treated with some antioxidants has been observed, little is known about the molecular mechanism involved. We show here a molecular mechanism by which vitamin E downregulates CD95L expression and thereby partially blocks AICD in T cells from HIV-positive individuals. Our study may encourage further clinical investigation to address whether vitamin E supplementation could have important effects on T cell survival in vivo and whether vitamin E could improve the life quality of AIDS patients during therapy.
CD95/CD95L interaction has been considered as a cause of AICD of T cells. However, CD95-deficient cells were found to die by TCR-induced apoptosis, which could be inhibited by TNF antagonists (46, 47) . This indicates that T cell apoptosis is not solely regulated by the CD95 system. Elevated serum TNF levels are seen in HIV-infected individuals (48, 49) . However, little is known about the ability of TNF to induce apoptosis in HIV-infected T cells. Administration of CD95, TNF, or TRAIL/APO-2L (TNF-related apoptosis-inducing ligand) antagonists was shown to reduce AICD in T cells from patients infected with HIV, suggesting that signals from these three death systems may be involved in T cell AICD (50) . Our data show that AICD was not inhibited by CD95Fc in 40% of HIV-1-positive individuals tested. CD95Fc also did not completely block AICD in many HIV-positive individuals, suggesting that other TNF family members may be involved in apoptotic death of T cells. In addition, we found that, in 50% of the HIV-1-positive individuals tested, higher levels of inhibition of T cell AICD were achieved with vitamin E treatment than with CD95Fc treatment. This observation suggests that vitamin E may also block CD95-independent apoptosis. Recently, retinoic acid (a metabolite of vitamin A) has been shown to inhibit CD95L expression and α-CD3-induced apoptosis in T cells (51) (52) (53) . Retinoic acid exerts its effect through two intracellular nuclear hormone receptors: retinoic acid receptors (RARs) and the retinoid X receptors (RxRs). Inhibition of CD95L and AICD in T cells by retinoic acid requires both the RAR and the RxR pathways (52) . Although reduced CD95L expression in T cells was detected at the mRNA and protein levels, no retinoid receptor response elements could be found in the published promoter regions of CD95 and CD95L (52) . Recently, several studies reported that retinoid acid also upregulates CD95 and CD95L expression in different cell types (54) (55) (56) (57) (58) . Thus, the molecular mechanism by which retinoic acid suppresses CD95L expression in T cells remains unclear. The data on vitamin E reported in this paper, however, clarify an important mechanism of action on suppression of the CD95 death system.
